Summary 18
1. Invasive species management aims to prevent or mitigate the impacts of 19 introduced species but management interventions can themselves generate 20 social impacts that must be understood and addressed. 21 2. Established approaches for addressing the social implications of invasive 22 species management can be limited in effectiveness and democratic 23 legitimacy. More deliberative, participatory approaches are emerging that 24 allow integration of a broader range of socio-political considerations. 25
Nevertheless, there is a need to ensure that these are rigorous applications of 26 social science. 27 3. Social Impact Assessment offers a structured process of identifying, 28 evaluating and addressing social costs and benefits. We highlight its potential 29 value for enabling meaningful public participation in planning, and as a key 30 component of integrated assessments of management options. 31
Introduction 40
The management of invasive species is extending in scale and complexity in 41 response to the growing impacts of introduced species (Hulme 2006) and as 42 technical advances enable increasingly ambitious projects that tackle multiple 43 species and use more sophisticated methods (Glen et al. 2013; Campbell et al. 44 2015) . Many such initiatives successfully achieve their targets (Simberloff 2008, 45 2013) but as ambitions grow, attempts to eradicate or control invasive species 46 continue to generate controversy and conflict (Estévez et al. 2015) . Even on 47 uninhabited islands, the 'social dimensions' of invasive species management (ISM) 48
can significantly affect outcomes. Opposition, conflict, political and legal struggles, or 49 simple non-compliance, can incur expenditure, delays and failures. 50 51 Social impacts can arise from all issues associated with a policy, plan or project that 52 directly or indirectly affects humans and human communities (Vanclay et al. 2015) . Commission 2000) and practitioners, many of whom are ecologically trained, are 56 now commonly encouraged to attend to 'social', or 'human' dimensions of biological 57 invasions (White et al. 2008) . While this can often be with a view to preventing or 58 circumventing opposition to management (Blackburn et al. 2010; Estévez et al. 59 2015) , there are important reasons for assessing social impacts that go beyond their 60 potential to complicate project logistics. Proactive assessment of social impacts has 61 the potential to make management more democratic (increasing public engagement 62 and scientific citizenship), more socially legitimate and, ideally, more effective. 63
Currently, there are few tools with which to make such social assessments 64 (Campbell et al. 2015), leading to their frequent omission from planning (Dawson et 65 al. 2014) and so here we discuss established and emerging approaches to social 66 issues associated with ISM. First, we highlight some drawbacks of established, often 67 top-down, approaches to management. We identify the emergence of more 68 deliberative, democratic models of public engagement, and some of the challenges 69 associated with them. Finally, we propose that Social Impact Assessment could 70 make a valuable contribution to ISM and identify how it might complement and be 71 integrated into wider management planning processes. 72 73
Social impacts of invasive species management 74
Invasive species management aims to prevent introductions, eradicate or contain 75 populations, or mitigate their negative environmental, economic and social impacts 76 (Simberloff et al. 2013 West 2011), rather than assuming that shifts in knowledge and attitude will 114 automatically produce these changes. Behaviour change models could play a role in 115 some areas of invasive species management, for example, implementing biosecurity 116 practices and encouraging reporting of recent arrivals. However, in their will to 117 achieve pre-set goals through manipulation of social desires, and in the absence of a 118 political or deliberative process, they may well be as paternalistic or anti-political as 119 the top-down policy models they purport to replace. Furthermore, management policy-makers may avoid bringing forward projects on the basis of anticipated 131 feasibility assessments are becoming more explicit, systematic and evidence-based 140 and Gobster (2013) has proposed a model to help predict human responses to 141 management projects. However, even explicit social feasibility assessments are 142 limited because they incorporate no means of addressing the challenges they reveal: 143 a feasibility assessment might find, for instance, that 80% of pre-defined 144 stakeholders support a proposal, and indicate why 20% oppose, but offers no means 145 of addressing that opposition or understanding the ways that the opposing voices 146 may be mobilized in future. 147 148
Emerging approaches 149
Established, technocratic approaches to environmental management draw heavily 150 on ecological and technical expertise but can risk excluding those people most 151 affected. In recognition of this, environmental governance models have increasingly 152 turned towards more deliberative and participatory processes (Owens 2000) . Whilst 153 no panacea, these approaches are arguably more in keeping with democratic 154 principles than are technocratic strategies (Stirling 2008 Management that engages citizens in deliberation and planning could also enhance 164 societal awareness of and responsibility for biological invasions (Nowotny 2003) . 165
However, a review of public participation in Australian invasive vertebrate 166 management projects found that educational and top-down approaches to 167 participation were still more prevalent than deliberative and democratic models 168 impacts can rarely be cleanly differentiated. SIAs are also initiated earlier than EIAs, 207
as it is assumed that environmental impacts won't occur until projects start, whereas 208 it is recognised that social impacts can arise simply in response to rumour and 209 discussion (Vanclay 2012 ). Most substantially, EIA is largely completed before a 210 project begins, so the assessment is a product that informs decision-makers. SIA 211 can be conducted in this manner but is better implemented as a multi-stage social 212 process comprising prospective assessment, mitigation during delivery and 213 retrospective appraisal of outcomes (Vanclay et al. 2015) . SIA therefore now and we suggest that invasive species management might be subject to the same 219 due diligence as would be expected of other such civic and private initiatives. 220
221
A key advantage of SIA is its flexible structure. SIA promotes a deliberative approach 222 to management, recommending community engagement from the start. As such, it 223 has features in common with SDM, and we suggest that SIA could be integrated with deliberative tools end at decision-making, SIA processes continue throughout project 237 implementation, enabling management to adapt to changing conditions. 238
Next, we present an adapted framework for SIA of invasive species management, in 240 five stages: scoping, assessment, decision-making, implementation and appraisal 241 ( Figure 1 ). We are not suggesting that SIA should replace existing strategies, but 242 wish to highlight its value as (a) a complementary tool for identifying and evaluating 243 social impacts of management alternatives, which can inform decision-making, and 244 (b) a broader process through which management planning can be made more 245 democratic, adaptive, and reflective. 246 247
Scoping 248
Scoping is an early-stage activity that identifies the social risks and opportunities of 249 management. It assumes that a management problem or issue has been broadly 250 identified, but does not require it to be tightly defined. Scoping can be conducted as a similar approach can be taken to assess their management. Indeed, both 289 assessments could be made in tandem to compare active management alternatives 290 with 'do nothing' options. Assessments should start with a 'stakeholder' or public 291 analysis (see Reed et al. 2009 ), ideally using a participatory method, that identifies 292 the interests, needs, aspirations and concerns of affected communities. Analyses 293 should take into account the composition and geographies of communities, the 294 relationships between them and their varying degrees of vulnerability and power. 295
The assessment should then aim to map and forecast positive and negative social 296 impacts of management alternatives, including how these would be distributed 297 across various groups (Maguire 2004). Whilst there is no single 'checklist', broad 298 areas for assessment might include impacts on health and wellbeing (e.g. actual or 299 perceived health threats of control agents, distress), 'liveability' (e.g. environmental 300 quality), economic circumstances (e.g. income, property value), culture (e.g. 301 heritage, sacred spaces), and community (e.g. tension, identity) (Vanclay 2002) . 302
Potential impacts can be explored using a wide range of methods, including surveys, 303 focus groups, interviews, participatory mapping and scenario-building. 304 305
Decision-making 306
This is the stage at which SIA feeds into existing governance structures, and may fit 307 particularly with analytic-deliberative models. Management alternatives might be 308 evaluated against one another in an integrated manner, drawing on multiple 309 analyses or assessments (as in structured decision making) of economic, well-designed SIA could increase the likelihood that social impacts are successfully 315 captured and translated into MCDA processes. Whilst SIA is well-suited to exploring 316 and elucidating social considerations, it may reveal significant socio-political 317 challenges that reach beyond the management problem and cannot be easily or 318 immediately addressed. Equally, however, extensive or intensive deliberation may 319 not be necessary: consensus, or at least strong preference, towards a particular 320 option could emerge during the preceding engagement procedures, rendering the 321 decision-making step straightforward. 322 323
Implementation 324
The SIA process does not end with decision-making. Responding to unexpected 325 social impacts throughout project lifetimes can be more valuable than predicting 326 them (Vanclay 2012) and given that invasive species managers are often required to 327 respond to dynamic scenarios, a capacity to adapt is all the more valuable (Prévot- 
Challenges to adoption 351
Perhaps the greatest challenge to incorporating SIA into invasive species 352 management is that this is not a method for gaining social acceptance of pre-353 determined projects. Consequently, should this process be adopted there will be 354 occasions where initiatives, at least in their original form, will be rejected because 355 they create unacceptable social impacts. This may be challenging for advocates of 356 particular projects, but is more democratic than relying on authority or secrecy. It is 357 also worth reiterating that SIA directly allows for the positive social impacts and 358 opportunities of management to be explored and maximised. 359
360
There are other challenges to adopting SIA. First, measuring social impact is hard: 361 some issues are difficult to express, let alone quantify. Consequently, assessments may be inclined to focus on impacts that can be counted, and therefore risk missing 363 the impacts 'that count' (Vanclay 2012 Blackman & Brewer 2015), and SIA provides a practical mechanism for delivering 381 this. 382
383
In conclusion, many invasive species management projects receive widespread 384 societal support and achieve successes that protect economies, public health, 385 biodiversity and ecosystems. However, like any environmental intervention, invasive 386 species management can create negative social, economic and environmental 387 impacts that need to be evaluated against alternatives. Social impact assessment is 388 constructive, pragmatic, flexible, and well placed to contribute to democratic 389 decision-making. As the 'deliberative turn' (Parkins & Mitchell 2005) 
